is a new approach to conceptualization and measurement of democracy. It is co-hosted by the University of Gothenburg and University of Notre Dame. With a V-Dem Institute at University of Gothenburg with almost ten staff, and a project team across the world with four Principal Investigators, fifteen Project Managers (PMs), 30+ Regional Managers, 170 Country Coordinators, Research Assistants, and 2,500 Country Experts, the V-Dem project is one of the largest ever social science research-oriented data collection programs.
Introduction
One of the thorniest issues in social science analysis is to establish causal relationships for observational data when the options of using controlled or natural experiments are not available.
We do not purport to have a solution to the general problem, but here suggest a set of novel analyses and adaptations of analyses that together can establish sequences between sets of ordinal variables, provided some key assumptions are met. One of the necessary, if not sufficient, criteria of causal relationships is that the causal factor X has to exist or change before the caused factor Y. However, there are many known exceptions to this general rule, e.g. the anticipation of an event such as elections may result in a series of effects before the event itself. Given this caveat regarding interpretation, the proposed approach focuses on identifying sequences of events in manifest observational data.
Sequences are also critical to understanding many social processes such as regime transitions, onset of wars, legislative procedures, international bargaining, and institutional development. A great deal of work in political science seeks to investigate the order of event occurrence or utilizes historical processes to explain political outcomes. However, the sequences of complex social processes usually involve hundreds of related variables with a large number of characteristics, and today's standard techniques for time-series, cross-sectional (TSCS) analysis for observational data, are not very apt for this sort of problems. First, they do not solve the causal inference problem to a greater or lesser degree than the approach suggested here. Second, they are designed for giving insights into the average effect of x i on y given the conditions z i , sometimes taking interaction effects into account. However, the social and political processes that we as social scientists are typically interested in, such as democratization, are rarely even approximations of such simplifications. Rather, complex and often long series of sequentially related variables are in play and contribute to the outcome.
We do not purport to be able to offer a complete and final solution to the disentanglement of such processes and explaining the outcomes, but offer a first step towards that goal. We suggest that the approach detailed below can establish descriptive sequences in terms of necessary conditions among, in principle, an unlimited number of variables over any stretch of time, given that adequate data is available and that there are, in fact, sequential relationships to be found. Thus, for example, the approach can establish that among, say, five variables x 1 , …, x 5 and the outcome y 1 , in terms of either which of the variables "moves first" and/or in terms of which variable reaches a "high" or "full" level before others do, the sequence is x 2x 4x 1x 5x 3 and then y 1 . Naturally, this is not equivalent to establishing that this sequence is a causal chain, or that the chain causes the outcome. However, to the extent that one can establish that this sequence across time and space always, or almost always, precedes the outcome, we have arguably come a long way in terms of arriving at a general understanding of and explanation to such a social process compared to where we are today. Until now, we have not been able to provide evidence of such sequences at all across time and a large number of units, other than by individual case analysis found for example in historical sociology and indepth case-study approaches.
There exist a number of approaches to identify sequences in ordinal and categorical time series data, many more or less inspired by evolutionary biology. Noteworthy are e.g. social sequence analyses that are inspired by DNA sequence analyses (e.g. Abbott 1995; Abbot & Tsay 2000 , Gauthier et al. 2010 , Casper and Wilson 2015 , qualitative comparative analysis (QCA) that is inspired by studies of evolutionary sequences (Ragin 1987; Rihoux & Ragin 2009) , and timeseries cross-section methods (Beck 2008) . There also exists a more novel approach using Bayesian modelling to construe dynamic systems indicating flow of change Spaiser et al. 2014) . All these methods have their pros and cons, where method choice is dependent on the format of the data and the specific question of interest.
One of the above-mentioned methods, the social sequence approach, has been utilized more frequently in political science studies. Scholars have adopted the technique to explore the careers of social movements activists (Fillieule & Blanchard 2012) , voting behavior (Buton et al. 2012 ), crisis bargaining patterns (Casper & Wilson 2015) , and the evolution of regime types (Wilson 2014) . This approach identifies the temporal order of discrete events across observations, and uses an algorithm to compare and then cluster similar sequences. It mainly focuses on describing and exploring temporal developments between different states of single variables.
When analyzing multiple variables, one has to combine the categories of different variables into a single variable (Gauthier et al. 2010 ). This approach is thus not suitable for data involving more than one variable measured on ordinal or continuous scales. For example, does the level of liberal rights protection increase before democratic quality improves? Does the strengthening of rule of law have to precede the increased competitiveness of multi-party elections for a successful democratic transition? Utilizing the conventional social sequence approach may ignore the ordinal nature of the vast majority of variables that we as social scientists depend on.
We here suggest a combination of novel and pre-existing methods suitable for investigating sequences of events between two ordinal variables that change along a similar scale, with a similar step size, and with each categorical score indicating similar magnitude. These methods include frequency counts, a graphical representation of observed changes that can be compared to expected changes, dependency analyses inspired by the logic of Qualitative Comparative Analysis (Ragin 1987, Rihoux and Ragin 2009 ) as well as evolutionary biology (Sillén-Tullberg 1993) , and Bayesian dynamical systems Ranganathan et al. 2014 ). This combination of methods is especially useful when determining reform sequences or investigating if there are differences in reform paths between, for example, successful and unsuccessful attempts at, for example, democratization. By combining a number of two-variable sequence analyses, it becomes possible to describe reform sequences of a large number of variables.
What makes our suggested approach different from Granger tests for time-series data (Granger 1969) , and the standard technique of lagging variables in TSCS analyses? There is one critical difference between Granger tests and the use of fixed time lags in TSCS and the combination of tools proposed here. None of the approaches presented below depend on specifying a specific time interval. The one, two, sometimes five year lags typically used in TSCS analyses are arbitrary and lack theoretical justifications. We do not know, for example, if improvements in civil liberties such as the freedom of discussion should be expected to be associated with improvements in, say, how clean elections are, one, five, ten or more years down the road. Furthermore, we have no theoretical reasons to (as standard techniques force us to) assume that the time lag between changes in x and changes in y is expected to be constant across countries and over time. On the contrary, in some areas we have empirically based intuitions suggesting that we should expect time-variant time lags. More generally, any statistical method that is based on an arbitrary choice of unit and constant choice of lags between events (one year? several years? months? days?) is fundamentally flawed. Take suffrage as an example. This was one of the main contentious issues in the 19 th and early 20 th century. The improvements in freedom of discussion, organization, and the right to demonstrations led to protracted processes in many countries that eventually led to full suffrage.
However, in the latter half of the 20 th century, democratization processes starting with an opening up of the public sphere have usually (when successful) led to a rapid and immediate extension of full suffrage.
The methods proposed here do not require us to make any assumptions about either cross-sectional or time-invariant distances in time between the occurrences or changes in the status of variables. As explained further below, we reshape the observational data into "events" and focus on changes between these. An "event" simply means the combination of a fixed value i on variable x and a fixed value j on variable y for any period of time. This structuring of the data makes it possible to map and analyze identical sequences of change, even if the length of time that country A and country B spend in various "events" varies across time.
Analyses based on the proposed approaches below can in principle be conducted for data measured at any level (interval, ordinal, binary) but in practice it requires ordinal or binary variables in order to be interpretable. The analysis is also easier to interpret if all variables in a particular analysis have the same level of measurement, but this is not required. Among the methods below, only the dynamical systems analyses require continuous data.
From the suggested frequency and dependency analyses, combining a series of such bivariate analyses (by running all variables against all), one can establish long series of sequences involving hundreds of variables. The result is a detailed and empirically based "map" of which aspects of a phenomenon occur before other aspects. In other words, we are now capable of providing the first solution to presenting detailed sequences of democratization and other similar phenomena.
With such a set of tools at hand, we can as social scientists for the first time potentially provide answers to questions like: If we want to support a democratic development in Egypt today, where should we start? Should the efforts be directed at strengthening rule of law, or rather focus on supporting a freer media landscape, or perhaps the development of more institutionalized political parties? These are questions to which we have until now been unable to provide much of an informed answer. The combination of the analyses below promises us to be in a much better position to answer such questions with a strong empirical foundation.
Methods
The analysis of sequences is a tricky issue and the approach we have developed builds on combining several related methods that in combination provide a basis for such assessments.
Frequency Analysis
To explore the temporal relationship between two ordinal variables we first investigate whether one of them in general tends to be larger than the other (indicating that its values are ahead of the other). We therefore construct a frequency table including all possible combinations of the values of these two variables. An example of such a frequency table for two sample variables, Variable A and Variable B, is shown in Table 1 . To calculate the frequency of each combination, for each country, we first combine several yearly observations when the values of both variables do not change into one observation and count them as one "event", regardless of how many years that combination is stable. We then count the occurrences of each combination. 
Finally, we can (with any number of variables) construct a relative frequency table to systematize the number of combinations. 
Graphical Investigation of Changes
Frequency analyses allow us to explore how often one variable is larger than another, but they do not really clarify how this comes to be. To further investigate the exact pathways for how variables change, we use a graphical approach as described below. Figure 1 shows the main idea behind this approach.
For two binary variables, both of which take the values as 0 and 1, there are three ways for two variables to change from (0, 0) to (1, 1). Either Variable A can change first to (1, 0), both can change simultaneously to (1, 1), or Variable B can change first to (0, 1). Thus, to determine how often Variable A becomes 1 before Variable B, one simply counts the number of changes from (0, 0) to (1, 1) that go via (1, 0) and compare this number to the number of changes from (0, 0) to (1, 1) that are direct, or via (0, 1) ( Figure 1a ). This counting results in a frequency above the diagonal will be more common than changes ending below the diagonal (Figure 1b ), enabling the similar frequency analysis as described above.
Partly, however, the situation is entirely different, because a multitude of other potential paths are possible. For example, one variable may become larger first at lower values while the other becomes larger first at higher values; variables may go in both directions; or variables may be unrelated but one variable has a skewed distribution, a pattern that would result in more changes ending on one side of the diagonal even if no correlation exists between the two variables. We may not observe processes from the beginning, but in the middle of transitions, which would mean that we miss parts of the process for each country. If, for example, A tends to be larger than B in the beginning of a transition, and the opposite in the end, then we would underestimate the occurrences of A > B if we lack more beginnings than ends of transitions.
Further, and most importantly, the variables may not be comparable -how does the value 2 for Freedom of expression truly compare to a value 2 of Alternative source information? Thus, as a second type of analysis, it is important to visually inspect the movements using a graphical method -because of this, we term the approach graphical rather than statistical. To create plots indicating temporal changes in two variables, we first construct a table listing all observed changes in values of the two variables, then produce a figure mapping all these changes (see the Results section). We report two types of figures. In the first, we map all changes using arrows indicating movement between states, where the thickness of each arrow is proportional to the number of changes that have occurred along that particular path. We also add circles in the graphs to indicate the number of times that particular combination of states is observed in the data, i.e. the size of each circle is proportional to the number of observations of that particular combination. The latter are the same as the numbers reported in the frequency tables discussed above.
The other type of figure reveals reform paths that are more popular than expected by utilizing observed data (indicated by the circles in the first type of figures) to calculate a table of expected values using chi-square methodology from the distribution of each variable. Graphing the difference between the table of observed and the table of expected values reveals reform paths that are more popular than would be expected by the distribution of the two variables alone (see the Results section).
If one wants to draw conclusions about sequences from these graphs, the proposed approach assumes that variables change along a similar scale, with a similar step size, with each categorical score indicating a similar magnitude, and that no parts of the transition processes are systematically underestimated. It may be tempting to use observed and expected tables discussed in the previous paragraph to also calculate the chi-square statistic, but since the two tables may differ for reasons other than the existence of popular reform paths, a significance value is not necessarily meaningful -hence the emphasis here on visual inspection. If significance tests are deemed desirable (we urge caution since this requires that many assumptions are fulfilled), we instead recommend quasi-symmetric model tests for comparing off-diagonal values in square tables (Agresti & Kateri 2002 ) utilized on the observed frequencies.
Dependency Analysis
To explore whether certain values of one variable are systematically conditional on certain values of other variables in the existing data, we have developed a method here termed dependency analysis. The method is inspired primarily by "the contingent states test," which is an established method developed to investigate dependencies in biological evolution (Sillén-Tullberg 1993), and is particularly well suited to use on sequence data outside biology. It also has similarities with qualitative comparative analysis (QCA) (Ragin 1987 observations. To allow some margin of errors, a percentile of observations can be specified and treated as the "lowest values," which will slightly relax the criterion of absolute dependencies. We here report both absolute dependencies and dependencies allowing a 95% "wiggle room,"
following the convention in QCA. Table 3 . In this illustration, we use our the third measure: looking at the threshold value for each of the other variables for a focal variable to attain its highest value. For each focal variable, we summarize these threshold values and report them as "#Necessary conditions". This example of looking at the highest states dependencies, is of particular interest when one is analyzing for example what these conditional relationships look like for achieving democratization, understood as becoming fully democratic. Then it is natural to focus on the highest states of variables. If one were, for example, interested rather in the onset of transitions, one should probably look at the number of dependencies for different variables reaching the first, or perhaps the second level on the ordinal scales, which would indicate "early moves" rather than "final push".
Bayesian Nonlinear Dynamical Systems
In order to study nonlinear dynamics in the interaction between variables, we also suggest employing a newly developed Bayesian dynamical systems approach that models the probable reform direction of countries depending on state combinations. This method identifies the best nonlinear functions that capture the interactions between two or more variables. Bayes factors are employed to decide how many interaction terms should be included in the model, with a punishment for overly complex models. The method gives a pair of differential equations, modeling how the values in each of the two variables involved affect the direction of each. From this, we can infer which is the most likely trajectory a country will follow, given any starting point.
The resulting dynamical system can be illustrated by a phase portrait, where the modeled trajectories are depicted with arrows. The method is described in detail in two papers by Spaiser et al. (2014) and Ranganathan et al. (2014b) .
Since differential equations deal with continuous variables, we use continuous versions of the V-Dem variables. It is important to note that the method provides a system for the entire set of possible values for the two variables. That is, it uses all the data points and provides a general description for the entire system, including combinations of the two variables that do not occur in the data. For illustrative purposes, we do not plot the arrows for these points in the phase portraits.
Application: The Development of Difference Aspects of Democratization
Scholars have pointed out various defining features of democracy, such as the protection of civil rights, accountability to citizens' preferences, regular and competitive elections for the chief executive and national legislature, freedom of expression and association, and constraints on executive's behavior. In the post-Cold War era, we have seen regimes with different mixes of the democratic and authoritarian features. For example, in some countries, citizens enjoy liberal rights to a certain extent, but fail to establish competitive elections, while in others, elections take place regularly, but media is largely controlled by the incumbent party. Do some of the democratic features constitute the preconditions of other aspects and have to develop first for a successful democratic transition? What are those features? Is the improvement of some aspects more likely to lead to the enhancement of others? The sequence analysis methods discussed above are well suited to the task of examining the temporal relationships between different aspects of democracy in the process of regime transition. In what follows, we use the example of different components of "polyarchy" to demonstrate how the proposed approach can be utilized for such a task.
Based on Dahl's (1971) conceptualization, polyarchy refers to a political system in which rulers are responsive to the preferences of its citizens. To achieve this, the minimum requirements for polyarchy include: 1) freedom to form and join organizations, 2) freedom of expression, 3) the right to vote, 4) eligibility for public office, 5) the right to compete for support, 6) alternative sources of information, 7) free and fair elections, and 8) institutions for making government policies depend on votes and other expressions of preference. Among these requirements, items 1, 3, 4, 5, 7, and 8 focus on the mechanism of competitive elections in which all citizens should have equal opportunities to participate. These features construct citizens' ability to make a choice that reflects their preferences in an explicit political decision making process.
The other two items, freedom of expression and alternative sources of information, concern citizens' ability to formulate and express their political opinions. That is, these requirements enable citizens to define their goals in the public sphere.
We expect that in the process of regime change, the freedom of expression and access to alternative sources of information should develop before the establishment of competitive elections. In the literature on democratization, scholars have pointed out that the challenge to the authoritarianism results from a preference for changing the redistributional equilibrium through democratization (Acemoglu and Robinson 2001, Boix 2003) . For preferences about the redistribution issue to be formulated and for the idea of a democratic system as an alternative solution to be recognized and accepted by more people, citizens have to enjoy at least a certain level of freedom to discuss their government and have access to viewpoints alternative to government propaganda. That is, as different aspects of democratic governance, we expect that the improvement of citizens' expressive freedom precede the establishment of a substantially free and fair electoral regime.
Data
To explore the temporal relationship between various aspects of democracy utilizing the proposed sequence analysis approach, we use the V-Dem dataset v4 for the purposes of IRT-model for aggregating and weighting expert ratings and for calculating confidence intervals alongside a series of validity and reliability tests, including tests of intercoder reliability (see Pemstein et al. 2015 and Coppedge et al. 2015c ). This model takes into account the possibilities that experts may make mistakes and have different scales in mind when providing judgments.
All V-Dem aggregated indices are interval variables scaled from zero to one. As a first step then, we have transformed these to a set of ordinal variables. The detailed justifications and 1 Version 5 of the V-Dem dataset is released in January 5, 2016. But for the purposes of this paper laying of the methods as such, it is inconsequential which version is used. A detailed explanation of the V-Dem approach can be found on V-Dem's website, https://v-dem.net, along with the other V-Dem documents cited in this paper.
2 The coders' considerable knowledge derives from a combination of experience and education: Most have lived in their countries of expertise for nearly thirty years, and 60 percent are nationals of that country. In addition, 90 percent have postgraduate degrees. Ratings accorded to a country are therefore largely the product of in-country expert judgments. In addition to providing a rating on each indicator, country experts also assign a "confidence score" (0 to 100), which measures how certain we can be about the rating. In addition, roughly a fifth of the coders undertake cross-country coding, making it possible for us to calibrate measurements between countries.
the STATA code for these transformations are found in Lindberg (2015) and we restrict ourselves to describe the general logic here. First of all, since the V-Dem indices are the normalized probabilities, we can assume that, as a general rule, equidistant thresholds for a categorical version make sense. At the same time, for the roughest categorization with only three levels, we assume that the breakpoint between being closer to the endpoint (0.5) is critical. Thus for categorization, the transformations of the interval indices to ordinal variables start with the 0.5 threshold and then further subdivide the lower category at 0.25. Visual face validity checks comparing the results of such an approach with the original interval values have also corroborated this intuition (based on inspecting some 10,000 graphs). Thus for most indices, the following generic rule is followed for the transformation into three, and four-level versions of the ordinal indices, where I denotes "index": In principle, the methods that we have developed and are described in this paper, can be applied to any level of measurement. For the purposes of illustrations below, however, we have chosen the ordinal versions of the indices with five levels. For this ordinal version, Lindberg Generally, it was face validity analyses that provided the empirical basis for this conclusion. With the "cruder" categorizations leading to only three or four levels, he found that countries just slightly above a threshold could be of very varying quality. This is the result of the aggregation rule for the original V-Dem indices that are in part multiplicative and in part additive. In the end, the following "ordinalization rules" provide high correspondence between the original values of 
Measures
To measure citizens' freedom to discuss political issues and formulate opinions, we rely on the V-Dem "Freedom of expression" index, which combines the freedom of discussion and academic expression, no print, broadcast, and internet censorship, no media self-censorship, and no harassment of journalists. Another democratic feature that we are interested in is whether citizens have the access to alternative sources of information. We rely on the V-Dem "Alternative source information" index, which measures the extent to which there is a media bias against the opposition, whether media criticize the government, and whether media represent a wide range of political perspectives. The construction of the ordinal version of these two indices is based on the procedure described above.
To capture the quality of competitive elections, we rely on the V-Dem Electoral component index. Consistent with the features of polyarchy that focus on the electoral mechanism, this index combines the following elements: whether suffrage is extensive; political and civil society organizations can operate freely; elections are clean and not marred by fraud; and the chief executive is selected through elections. Based on the categorical version of the V-Dem indices, we could then proceed with the following analyses that together constitute the new approach to sequence analysis that this paper introduces.
Illustrative Results
Spearman rank correlations revealed variables to be positively correlated with each other. What we aim to investigate is how movement happens between high and low values in polyarchy -are there sequences of change between the different component variables? Specifically, does the improvement of citizens' expressive freedom and information sources precede the establishment of substantially competitive elections?
Frequency Analysis
As can be calculated from the frequency tables (Table 1a- (Table 1c , Fig. 4 ). Note that these observations are the same as asking which variable most often has a nominal value larger than the other variable, with the added information of knowing (through visual inspection of the graphs) how this came to be so. From these results and the graphs below, it can be argued that the Electoral component index lags or changes at the same time as both Freedom of expression and Alternative source information, while the two latter variables most often change together. Freedom of expression and Alternative source information thus take on high values before the Electoral component index. 
Graphical Investigation of Changes
In figures 2-4, the left panel indicates empirical observations of all occurrences and changes in the data, while the right panel depicts the difference between observed occurrences and the expected number of occurrences given the distribution of the variables. In the left hand panels, the size of each arrow and circle is proportional to the number of observations. In the right hand panels the legend indicates the difference between observed and expected frequencies, indicating a 'preferred reform path' as designated by the yellow and gray paths. 
Dependency Analysis
To investigate if scoring high on Electoral component index depends on the development of both Freedom of expression and Alternative source information, as suggested by the earlier results, we conduct dependency analyses. To rule out the possibility that the development of Freedom of expression and Alternative source information may depend on the Electoral component index, that is, that the minimal values presented in Table 4a are due to correlations and not temporal dependencies, Tables 4b and 4c shows the reversed descriptives to those in 4a. The numbers in Table 4b and 4c are countries' minimal scores on the Electoral component index when the country scores 0, 1, 2, 3, or 4 for Freedom of expression and Alternative source information. The tables show that only for the highest score of Freedom of expression does the Electoral component index need to score at least 1. Note also that there are interdependencies between Freedom of expression and Alternative source information, indicating that the relationship between these two variables is more akin to a correlation, something that is also indicated earlier in Figure 4 . On the other hand, we note that several variables related to rule of law and oversight of the executive, as well as government influence on the media, have very high numbers in terms of dependencies. This indicates that not only are they dependent on many other variables before they can reach high (=more democratic) levels, but also that for many such variables, they must reach high levels first, before the executive oversight, high court independence, or government media censorship can become really democratic.
The table above is illustrative only. It builds on an actual analysis of V-Dem data but should not be taken as a substantive result. We will use the latest version of the data (v5) to be produced with a new and more reliable measurement model, and we also need to run several tests of robustness and consistency before we can speak of results. Nonetheless, the table above illustrates the kind of nuanced and detailed sequences that can be established empirically with the method proposed here.
Bayesian Dynamical Systems
The dynamical system with the highest Bayes' factor when allowing for up to four terms for the There is an interaction between all the variables. The rate of change of y is linear to the value of z, and x is close to it, with an added cubic term. The rate that is amplified is positive for y unless y is much larger than x, that is, alternative source information cannot remain at high values when there is little freedom of expression. The equation for dx is a bit more complicated, but is positive as long as not both x and y are large. This means that in order for freedom of expression to increase when already high, the electoral component index also needs to be high. Finally, z can grow on its own merits up to 0.28, after which the variable becomes self-limiting. Thus, for the electoral component index to grow beyond a third, both freedom of expression and alternative source information are needed. Looking at systems of only two variables at a time enables us to inspect changes graphically in phase portraits, as in Figure 5 . Freedom of expression and alternative source information grow largely together. However, while the latter can grow also when the former is small, the former will rarely grow as long as it is larger than the latter. Figure 6 shows the phase portrait for Freedom of expression and Electoral component index. The system including Alternative source information instead of Freedom of expression is similar. The figure shows that freedom of expression is generally larger than the electoral component index and predicts a trajectory in which the former will attain values larger than the latter. However, the sequence of events is also here that the variables grow together, and that the Electoral component index grows fastest in the beginning. 
Concluding Discussion
This paper details a new approach to the study of sequences in social science that includes four supplementary analyses inspired by evolutionary biology, QCA, and Bayesian statistics: frequency analyses, graphical descriptives, dependency tables, and Bayesian dynamic systems analysis. The usefulness of these analytic tools and their supplementary nature is illustrated with a simple sequence analysis of three components of the V-Dem electoral Democracy index (as per the v4 of the V-Dem dataset) and an expanded analysis to illustrate the stringing together of several pairwise comparisons for the dependency analysis.
We believe the approach has great potential for the analysis of many types of pressing issues that social science confronts, not the least the sequences of democratization. We hope to use the tools of this method in the near future to be able to answer critical questions of successful and unsuccessful sequences, as well as what democracy support should focus on at various stages of democratization in ways that can directly inform policy and practitioners' priorities.
